and Rhizobia and might be involved in transducing both fungal and rhizobial signals [6, 9] .
Genes which are good candidates to code for Nod factor receptors have been identified on the basis that they intervene only in the Rhizobium-legume symbiosis, and because alterations in them result in plants that either no longer respond to Nod factors or that show an altered specificity directly related to Nod factor structure. By exploiting the model legumes Medicago truncatula and Lotus japonicus, two genes in each of these two categories have recently been cloned [3] [4] [5] , and all four genes are predicted to code for transmembrane serine/threonine receptor-like kinases containing extracellular LysM domains (LysM-RLKs).
The genes NFR1 and NFR5, isolated by positional cloning in L. japonicus, are required for the earliest physiological and cellular responses to Nod factors, as mutations in them lead to plants that either no longer respond to Nod factors or show attenuated responses [3, 4] . NFR1 and NFR5, like most genes that control Nod factor signalling, also control root hair curling, the first step of rhizobial infection, preceding infection thread formation [3, 4] .
The two other cloned genes, LYK3 and LYK4, were identified in M. truncatula as candidate Nod factor receptor genes in two steps [5] . First, they were found to occur in a region of the M. truncatula genome syntenic to the region of the pea genome containing the gene SYM2; a specific allele of this gene from Afghanistan pea, SYM2 A , confers a high demand on Nod factor structure with respect to nodulation and infection thread formation. Second, reverse genetics and rhizobial strains producing different Nod factor structures were used to study whether knock-down lines of M. truncatula differed from wild-type plants in their Nod factor structural dependency for nodulation and infection thread formation. Both phenotypes were affected for LYK3 knock-downs, while LYK4 knockdowns just showed aberrant infection thread morphology [5] . As infection of the knock-down plants is essentially arrested at the stage of entrapment in curled root hairs with only abnormal infection threads forming, in the presence of rhizobia producing modified Nod factors, it is proposed that the LYK3 and LYK4 proteins control bacterial entry into root hairs and infection thread formation in a manner dependent on Nod factor structure. (Figure 2 ). This is almost certainly an oversimplification, however, and given the apparent redundancy between LYK3 and LYK4 [5] , it is possible that precise components of the same receptor complex vary in different cell types and as a function of the infection step. In M. truncatula, the similarity of LYK3/LYK4 to NFR1 suggests they may perform similar functions in a Nod factor receptor complex, together with the NFR5 ortholog. In this case, the different phenotypes of LYK3/LYK4 knock-downs compared to mutants in NFR1 might be due either to redundancy or to residual LYK3/LYK4 protein in the knock-down lines [5] . The M. truncatula ortholog of NFR5 is probably the NFP gene, as an nfp mutant has the same null phenotype in response to Nod factors [7] , and the NFP gene is likely to be orthologous to the SYM10 gene of pea, which was also cloned and shown to be a LysM-RLK with 74% identity to NFR5 [3, 7] .
Future questions to be addressed include whether intracellular kinase activity integrates Nod factor perception into the downstream signalling pathway, the first part of which is common to nodulation and mycorrhization. One of the earliest genes required for both rhizobial and mycorrhizal infection is called NORK or SYMRK, depending on the plant species, and encodes a leucine-rich repeat receptor-like kinase (LRR-RLK) [15, 16] . The existence of mutants in another gene, DMI1, which have exactly the same phenotype as mutants in NORK [6] , suggests that this LRR-RLK forms part of a protein complex which would intervene in the signalling pathway just after a Nod factor receptor. Another important question is whether Nod factors bind directly to LysM domains of LysM-RLKs. If so, studies concerning Nod factor specificity could be facilitated and the roles of previously characterised Nod factor binding sites [2] could hopefully be clarified.
